oped the GT process area. Finally, the literature and our empirical data were used to identify threats to 36 software projects if these processes are not implemented.
supplement these studies we conducted three literature reviews. This allowed us to identify factors 34 which are important to GSE. Based on a gap analysis between these GSE factors and the CMMI Ò , we devel- 35 oped the GT process area. Finally, the literature and our empirical data were used to identify threats to 36 software projects if these processes are not implemented.
37
Results: Our new GT process area brings together practices drawn from the GSE literature and our previ-38 ous empirical work, including many socio-technical factors important to global software development.
39
The GT process area presented in this paper encompasses recommended practices that can be used inde- 40 pendently or with existing models. We found that if managers are not proactive in implementing new GT 41 practices they are putting their projects under threat of failure. We therefore include a list of threats that 42 if ignored could have an adverse effect on an organization's competitive advantage, employee satisfac-43 tion, timescales, and software quality.
44
Conclusion: The GT process area and associated threats presented in this paper provides both a guide and 45 motivation for software managers to better understand how to manage technical talent across the globe. 46 
Introduction

50
In today's global economy, increasing numbers of software 51 engineers are expected to operate in a distributed environment 52 [1] . In this environment, geographical distance introduces physical 53 separation between team members and management [2] , temporal 54 distance hinders and limits opportunities for direct contact and 55 cooperation [3] , and cultural distance negatively impacts on the 56 level of understanding and appreciation of the activities and efforts 57 of remote colleagues and teams [4, 5] . The lack of a common native 58 language, or linguistic distance, creates further barriers to 59 communication [1, 6, 7] . These distances culminate in global dis- 60 tance, which is commonly experienced in Global Software 61 Engineering (GSE) 1 environments. This results in GSE having com- 62 plexities over and above those experienced in local, collocated, 63 software development [1, [8] [9] [10] . Our previous research recognized 64 the importance of explicitly defined processes for GSE [11] , and we 75 When carrying out our study, we also identified threats to the 76 software project if GT processes are not implemented. We view 77 threats broadly in terms of known and unforeseen factors that and the probability of this threat happening [16] . 85 We extend our previous work [17] by highlighting threats to 86 successful GSD if organizations ignore the need to adapt their 87 current processes to fit their new circumstances. The GT model de-88 tailed in this paper builds on Richardson et al. [17] to present a 89 holistic view of the problems, solutions and threats to GSE. The 90 underlying premise of the original GT model provided a spring- 91 board for our other related work such as barriers and solutions 92 to GSD (which we worked on in parallel to this publication) [18] , 93 and has been adapted to reflect GSE practices specific to architec-94 tural knowledge management [19] . The previous presentation of 95 the model was in the form of written lists or practices. In this study 96 we explain how the practices were developed, and pull all prac-97 tices together in one graphical model that should be easier to fol-98 low. We are also in the process of developing a decision support 99 system based on practices detailed in the GT Model [20] . 100 This paper is organized as follows. In Section 2 we provide a 101 brief background to Global Software Engineering (GSE), Global
102
Teams and process support. In Section 3 we report how we col- 
Global Software Engineering
110
The growth of GSE in recent years means that many software were not working as effectively and efficiently as they expected.
223
In our initial interviews with those managing GSE teams (see Table   224 1), we established that GSE was being mainly implemented due to 225 cost-cutting requirements, and that such implementations were 226 unsatisfactory from a software engineering perspective [52, 53] .
227
As a result of this initial investigation, we commenced three longi-228 tudinal studies which combined industrial empirical studies with 229 literature reviews.
230
The results of these studies have been widely published over 231 the years, e.g. [5, 9, 54, 55] our case studies and literature reviews are listed in Table 2 . We ex-372 pand on some of these factors in this section, and provide full 373 descriptions of all 25 factors in the Appendix.
374
While some of the non-technical factors noted in Table 2 analysis. In our analysis of all process areas, we matched the GSE 832 factors identified in our previous research ( When carrying out the gap analysis, we identified 3 GSE factors 854 which are explicitly mentioned in the CMMI Ò (see Table 3 The third category of 12 GSE factors we identified (see Table 3 or augmenting existing practices (see Fig. 1 ). Although based on is operational (all specific practices are listed in Table 5 ). SG1 Define ability and potential productivity of team: Global project manager should allocate tasks and timescales that are realistic. Where possible, the project manager should be actively involved in the recruitment and selection of team members. Failing this, they should gather all information relating to the technical and professional experience of potential and existing team members. When teams are in place and project details reported project managers should understand and document how individuals contribute to that project along with their skills and knowledge 2 ''Assign tasks to appropriate team members'' Assign according to one or more of three different approaches; Modularization; Phase-based approach; and Integrated approach Modularization: partition work into modules which have a well defined functional whole Phase-based approach: Use when phases of the development cycle are relatively independent. Ensure that the team members developing a specific phase have a good understanding of what is required at each specific stage Integrated approach: Set up a protocol to allow handover from one geographic location to another to ensure a successful follow the sun development 3 ''Ensure Awareness of cultural profiles'' National cultural differences should be identified and communicated to the management and team members. Cultural training can be communicated in following way Provide training to give all team members an opportunity to learn and understand about each other's culture Address national, religious and relevant ethnic issues, all team members should understand acceptable and unacceptable forms of behaviour Training should be tailored to team member's specific needs and location Project managers should ensure that cultural profiles for teams are established. E.g. Management and staff should show respect for gender-related cultural values of all colleagues. All employees' legal rights must be upheld 4 ''Establish cooperation and coordination procedures between locations''
Ensure that a suitable infrastructure, process and management procedures are in place to help establish cooperation and coordination between locations. Achievable milestones should be planned and agreed. Projects should be monitored with reference to costs, time, productivity, quality and risk
''Establish reporting procedures between locations''
Regular formal reporting will help the project manager to remain aware of how project is progressing. Procedure should include and encourage team members to report whether or not they can take on that task in the given time and report any problems before it is too late 6 ''Establish a Risk Management Strategy'' All potential risks should be identified and addressed to include: risks in misunderstanding cultural differences, misunderstanding requirements, feature volatility, schedules, budgets, personnel. In addition, risk associated with outsourcing activities to politically unstable locations needs to be identified 985 cover all the areas that can cause the project to fail, or cause addi- to ensure that the model continues to be based on both empirical 997 and research evidence of good practices. 998 
Conclusion
999
Many organizations have discovered to their cost that imple-1000 menting a GSE strategy is a complex and difficult task [6, 14, 56] . 1001 Extensive research in this area has identified that this is due to a 1002 number of factors which include the nature and impact of geo-1003 graphical, temporal, cultural and linguistic distance [56, 91] . In 1004 addition, whether undertaken in a collocated or geographically dis- Set up a strategy to handle, monitor and anticipate where conflict between remote locations may occur. The strategy should include how conflict will be resolved and how a person responsible for that resolution is selected When defining the global strategy for dealing with conflict, different types of conflict have to be taken into account, for example conflict due to fear as well as cultural differences 2 ''Implement a communication strategy for the team'' Plan, facilitate, encourage and monitor communication between teams Provide training on how best to communicate with remote colleagues, including the effective operation of communication tools and procedures Consider linguistic and cultural implications inherent when communicating remotely 3 ''Establish communication interface points between the team members'' Strategies need to be put in place which encourages both formal and informal reporting Ensure that relevant team members are made aware of how and when they will receive inputs to products, needs to distribute outputs from and when complete work products are required Ensure teams are aware of potential constraints such as legal restrictions and holidays in countries within which they are developing the product Ensure that Information about each team member is easily accessible by colleagues. Information of an individual's role within the team and their specific areas of responsibility should be combined with a photograph, their first name, surname, friendly name (if appropriate) and their preferred form of address Intranets and wikis can be invaluable for this form of communication 4 ''Implement strategy for conducting meetings between locations'' Identify appropriate global meeting technology is used Try to ensure all participants are comfortable with global meeting and are given opportunity to agree or disagree with points raised, and offer new ideas Circulate agenda prior to meeting, and clearly minute actions agreed a meeting Ensure that no delay occurs between the meeting and the circulation of minutes as people may be waiting for the minutes before implementing the actions
SP 2.2. Collaboration between locations
Goal: Develop a motivated and focused team who share a common purpose and objectives 1 Identify common goals, objectives and rewards for the global team Global Project manager sets project goals and objectives Goals at project level are common to all locations Project goals and objectives communicated, understood and agreed across all team members regardless of location The global team is viewed as an entity in its own right, regardless of the location of its team members and its performance should be judged and rewarded accordingly Acknowledging team success may require tailoring rewards to the needs of different cultures Project Managers need to understand the cultural motivation of the different team members and identify and apply appropriate rewards in each situation when and where relevant Consideration should be given to cultural issues, economic situation and income tax laws when planning rewards 2 Collaboratively establish and maintain work product ownership boundaries Define product ownership boundaries through partitioning of work across GSE teams Each location should understand their role within the life cycle of the product Each location should understand how their modifications to the product unit can affect the other locations 3 Collaboratively establish and maintain interfaces and processes Define common process goals across all locations Define process ownership -placing ownership with those closest to process where possible Seek and encourage input from team members at all locations Let team members know their input to process development and ownership is valued Processes should address specific challenges associated with GSE Processes should take into account the relevant structures and procedures from all sites 
